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FINE STRUCTURE OF CELLS FORMING THE SURFACE LAYER
OF THE EPIDERMIS IN HUMAN FETUSES AT
FOURTEEN AND TWELVE WEEKS"
AODAN S. BREATHNACH, MD. AND LUCILE M. WYLLIE
In a previous report (1) dealing With the
electron microscopy of human fetal epidermal
melanoeytes at fourteen weeks, attention was
drawn to certain striking features of the cells
forming the surface layer of the epidermis.
These features, which are described in detail in
this report, and which were also found in a
twelve week fetus, are such as to suggest that
the cells in question may be more functionally
active than is commonly thought. They are re-
markably similar in appearance to cells which
appear on the surface of embryonic chicken
skin following culture with excess of vitamin A
(2, 3). These latter cells are regarded as kera-
tinizing cells which have undergone a meta-
plastic transformation into mucus secreting
elements in response to the vitamin. This con-
clusion obviously invites a comparison between
the cells in the two different situations with
the possibility that something of significance in
relation to the functional development and dif-
ferentiation of normal human fetal epidermis
might emerge.
MATERIALS AND METHODS
Skin was removed from the arm, forearm, and
face of an apparently normal human fetus of men-
strual age fourteen weeks and from the arm and
forearm of a twelve week fetus, both obtained at
hysterectomy. Tissue blocks were fixed for two
hours in buffered osmium tetroxide at 40 C., de-
hydrated in 70%, 90% and absolute ethanols, and
embedded in Araldite following the schedule given
by Glauert (4). Some blocks were stained in bulk
with 1% phosphotungstic acid (PTA) in 90%
ethanol before embedding. Thin sections were cut
on a Huxley ultramicrotome and examined in a
Siemens Elmiskop I electron microscope. Sections
of blocks not stained in bulk were stained with
lead hydroxide on the grid by Karaovsky's (5)
method.
In addition to the above material, blocks of
This study was supported by grants from the
Medical Research Council and the Wellcome
Trust.
Received for publication September 19, 1964.
* From the Department of Anatomy, St. Mary's
Hospital Medical School (University of London),
Paddington, London W2., England
formalin fixed skin were processed for light mi-
croscopy, and sections were stained with hema-
toxylin and eosin, mucicarmine, alcian blue, and
by the PAS technic.
RE STJLTS
General
As previously described (1), light microscopy
showed the epidermis of the fourteen week
fetus to consist of a basal germinative layer, an
intermediate stratum comprising one or two
cell layers, and a superficial layer of flattened
cells. It may be stressed that to judge from
other accounts of the light microscopy of human
fetal skin (6) both epidermis and dermis pre-
sented a perfectly normal appearance. The
various layers can be distinguished in the low-
power micrograph illustrated in Figure 1, and
it is the surface layer (5) upon which attention
will be focussed in the following account. In the
section illustrated, the general surface plane is
smooth, but it can be markedly undulant (Fig.
2). Owing to the flattened nature of the cells
forming this surface layer, relatively few nuclei
were encountered even in low power fields;
where they were present the cells appeared less
flattened (Figs. 3 and 4). In most sections
only a single layer of flattened cells was seen
superficial to the stratum intermedium, but
occasionally, two were present. Figure 1A is a
section through the epidermis of the twelve
week fetus stained by lead hydroxide. The
same layers can be distinguished, but the cyto-
plasm of all the cells appears much more
electron dense due to the presence of glycogen
which is not revealed by staining with PTA
(see Fig. 1).
Fine Structure of Superficial Layer Cells
Plasma membrane.—Desmosomes of typical
appearance were present along the line of con-
tact of the plasma membranes of adjacent cells
forming this layer, and were particularly
numerous along the interface between them and
the cells of the stratum intermedium (Fig. 2).
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FIG. 1. Survey micrograph of epidermis of fourteen week fetus. G, germinative layer; I,
stratum intermedium which may consist of two layers of cells; 5, superficial layer. PTA
stain. X 4000.
FIG. 1A. Epidermis of twelve week fetus. G, germinative, I, intermediate, and S, super-
ficial layers of cells; D, dermis; my, surface microvilli. Arrows point to the basement mem-
brane. Lead hydroxide stain. X 4,000.
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The plasma membrane of the free surface is a
double membrane and exhibits numerous
mierovilli (Figs. 2, 3, 5 and 7). These are very
similar in size and appearance to the mierovilli
which Jackson and Fell (3) have described as
forming on the surface of the superficial epi-
dermal cells of the embryonic chick following
culture with excess of vitamin A.
Cytoplasm —Membrane-bound vesicles were
very numerous in the cytoplasm of cells of the
fourteen week fetus, particularly in the region
adjoining the free cell surface (Figs. 2 and 4).
They were also present, though less numerous,
in the twelve week specimen (Fig. 7). In sec-
tions through some cells (Fig. 3), vesicles were
more sparsely distributed in the juxta-nuclear
region, but this was not always the ease (ef.
Fig. 4). Where some vesieles were concerned,
the boundary membrane appeared incomplete,
and interwoven filamentous material contained
within them seemed to be in direct continuation
with the general cytoplasm (Fig. 6). No vesicle
was seen to open directly on to the surface. A
comparison of micrographs shows a remark-
able similarity between the vesicles described
and the mucin containing globules in the mu-
cous metaplastic cells figured by Jackson and
Fell (3).
In sections stained with PTA, bundles of
fine filaments very similar to tono-filaments
were seen throughout the cytoplasm (Fig. 6)
and some were seen to insert into the deep
aspects of the attachment plaques of desmo-
sumes. Fine minimally electron dense particles
were also seen throughout the cytoplasm in
PTA stained material, and lead staining re-
vealed the presence of aggregations of larger
particles which have the characteristics of
glycogen (Fig. 7). Nothing that could cer-
tainly be identified as granular keratohyalin
was seen in the cytoplasm of these cells. Mito-
chondria were very sparsely distributed, and a
Golgi zone was not apparent.
Nucleus—Apart from some slight indenta-
tion of the membrane and the fact that a
nucleolus was rarely seen, the nucleus appeared
essentially normal.
Throughout most sections from both fetuses,
the actual surface of the epidermis was formed
by cells of the type described above. In some,
however, and particularly those taken from the
skin uf the face of the fourteen week specimen,
ill-defined material was seen lying superficial
to the plane of microvilh (Fig. 8). It consisted
of an amorphous ground substance with
scattered irregular islands of more electron
dense material, and markedly electron dense
particles similar to glycogen particles. Where
this substance was present the underlying sur-
face cells in general exhibited fewer and shorter
microvilli, as well as fewer cytoplasmic vesicles
than elsewhere. In a very occasional section
(Fig. 9), broken vesicles and what might be
interpreted as ghosts uf nuclei were seen super-
ficial to the general plane of microvilli.
Cells of the Stratum Intermedium
Features of the cytoplasm of these cells are
illustrated in Figs. 10 and 11 fer comparison
with those of the cells of the superficial layer.
Membrane bound vesicles such as are abun-
dantly present in the cytoplasm of the latter
are not apparent, though the une arrowcd in
Figure 10 has a somewhat similar appearance.
Cytoplasmic filaments are relatively less mimer-
ous, but glycogen is more abundantly present.
In general, there is an abrupt transition at a
particular level between the two types of cell,
but the surface layer cell illustrated in Figure
3 might be said to exhibit features intermediate
between the two, in that while it contains vesi-
des, a considerable area of the cytoplasm pre-
sents the "empty" appearance characteristic of
cells of the stratum intermedium (in sections
stained with PTA).
nlseussioN
In fully developed adult human epidermis
the superficial squamous cells are justifiably
regarded as more or less dead elements with a
purely protective function arising out of their
cornified nature, and differentiation of cells
proceeding from the basal layer to the sur-
face seems to be directed exclusively towards
the production of just this type of element.
Since the fetal epidermis becomes cornified at
the surface in the later stages of intra-uterine
life, one is perhaps likewise inclined to think
of its development and differentiation purely
in terms of progressive keratinization. How-
ever, the observations reported here indicate
that at a certain stage at least, the most super-
ficial layer of cells in the human fetus may
become differentiated for the simultaneous per-
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EPIDERMIS OF HUMAN FETUS 183
FIG. 4. AnGther superficial layer cell sectioaed at the site of the nucleus. In contrast to
the cell illustrated in Fig. 3, vesicles are distributed fairly uniformly throughout the cyto-
plasm. PTA stain. X 17,800.
formance of a quite different specialized func-
tion. Jackson and Fell (3) concluded that this
can occur under particular experimental condi-
tions in cultured embryonic chick epidermis,
and since the alterations they produced were
reversible, it is not inconceivable that something
similar should occur as a normal feature in the
embryo of another species existing in a rather
different environment.
When one compares the structure of the
cells of the stratum intermedium in the present
fetuses with that of the superficial cells, the
greater concentration of tono-filaments in the
latter could be looked upon as indicating a
greater degree of keratinization leading to the
later development of a definitive stratum cor-
neum. However, it is difficult to equate the de-
velopment of cytoplasmic vesicles and surface
microvilli with differentiation in this direction
exclusively. Certainly, nothing similar occurs
during the process of cornification of the more
superficial layers in adult epidermis, normal
FIG. 2. This micrograph shows the general features of a cell of the superficial layer (s) of
the fourteen week fetus. Note surface microvilli (my) and cytoplasmic vesicles (ye).
Desmosomes (de.) are present along the interface between the cell and cells of the under-
lying stratum intermedium (I). PTA stain. )< 7,400.
FIG. 3. Superficial layer cell of fourteen week fetus sectioned at site of nucleus (n).
Vesicles are sparsely distributed in the juxta-nuclear region, but are present in peripheral
areas of the cell. A considerable area of the cytoplasm superficial to the nucleus contains
no vesicles. Owing to the indented nature of the general surface plane this appears sec-
tioned in a number of places (x). I, cell of stratum intermedium. PTA stain. >< 10,000.
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Fio. 5. Microvilli and surface plasma membrane of superficial layer cell at fourteen weeks.
The double nature of the plasma membrane is apparent. PTA stsin. X 64,000.
(7) or hyperkeratotic (8). Tn fact, the features
mentioned could suggest that the cells may also
have some secretory function, and the amor-
phous substance occasionally seen superficial
to the plane of microvilli could be interpreted
as a secretory product. The remarkable simi-
larity between the cells and the vitamin A
induced mucous mctaplastic cells of cultured
chick epidermis (3), raises the possibility that
they may be mucus secreting. Certainly, the in-
terwoven filamantous material contained within
the cytoplasmic vesiclcs is very similar to what
has been interpreted as mucin by Jackson and
Fell (3) in their micrographs. The appearance
of mucin secreting surface cells is a normal
feature of the developing epidermis of the
tadpole (Xenopus) tail, and the vaginal
epithelium oscillates between mucin and keratin
production (9). These observations make it
appear not entirely unlikely that cells of normal
human fetal epidermis should likewise be ca-
pable of producing mucin. However, none of the
histochcmical tcchnics employed in the present
instance elicited a positive reaction for mucin
within the superficial layer. If these cells have a
secretory function, the nature of tbe product
remains to be determined.
A possibility worth considering is that the
cells concerned may on the contrary have an
absorptive function, and perhaps be concerned
with the transfer of material from the amniotic
fluid to the fetus. In this connection it may be
pointed out that they are similar in many rc-
spects to the syncytial cells of the trophoblnst
(10). Further speculation along this line sug-
gests a final possibility. It will be recalled
that, in places, material resembling cellular
debris was seen superficial to the plane of
microvilli, and that microvilli and cytoplasmic
vcsiclcs were relatively smaller and fewer here
than in other situations. This could suggest that
their development is associated with a function
of separating and absorbing the remains of an
earlier surface layer of cells, perhaps of the
same type, since as already mentioned, two
such layers were seen in places; in this in-
stance, of course, the cells of the deeper layer
did not exhibit microvilli. However, the fact
that microvilli and vesicles were more abun-
dantly evident in the older fetus, and in
areas where the epidermis as a whole seemed
to have reached a more advanced stage of de-
velopment (local variations are known to oc-
cur), rather suggests that their appearance is
associated with some other function. In this
case, in the older fetus, the cells with fewer
microvilli could be looked upon as representing
cells of this type about to attain the actual
surface, but still partially covered by the re-
mains of a previous layer in the process of
removal by autolysis and sloughing.
So far, nothing has been said concerning
the identification of the cells under considera-
tion in terms of epidermal stratification. In
describing the fetal epidermis, light micros-
copists usually distinguished a surface layer or
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Fm. 6. Cytoplasm of superficial layer cell at fourteen weeks: Bundles of filaments (f) re-
sembling tonofilaments are present. Many of the cytoplasmic vesicles (ye.) are seen to
contain an interwoven filamentous material. The bounding membrane of some vesicles
(arrowed) appears to be incomplete. PTA stain. X 42,600.
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Ftc. 9. Superficial layer cell (5) from skin of arm at fourteen weeks. Superficial to the
plane of microvilli (my.) is a layer of material which could be interpreted as cellular debris.
Note that this cell and the one illustrated in Fig. S exhibits fewer microvilh and vesicles
than those illustrated in previous figures. Lead hydroxide stain. X 18,000.
"periderm" from underlying layers of squamous
cells proper, and in the human fetus the pen-
derm is described as being gradually shed over a
period extending from the third to the fifth
month (6). Considering the age of the present
specimens (twelve and fourteen weeks) one
might therefore expect "peniderm" to be still
present over extensive areas of the surface,
and it may well be that the cells under con-
sideration correspond to the "peridermal" cells
of light microscopy. However, the question as
to whether the ultra-structural features de-
scribed here should be regarded as character-
istic of a particular cell type is debatable. The
term "periderm" signifies little more than that
the cells in question are situated superficially.
All of the cells which eventually reach the
surface of the developing epidermis and are
cast off, belong to the same lineage since they
stem from the same basal germinative layer.
It is questionable therefore whether there is
much justification in distinguishing those pres-
ent at any particular period by a special name.
However, further discussion of this point, and
a more certain evaluation of the functional
significance of the present observations must
await further studies on fetal epidermis at
earlier and later stages of development.
SUMMARY
The surface layer of epidermal cells of the
present fetuses exhibit numerous microvilli
and cytoplasmic vesicles, thereby resembling
vitamin A-induced mucous metaplastic cells of
cultured embryonic chick epidermis. This sug-
gests that these cells in the human fetus may
be more functionally active than is commonly
supposed, and the possibility that they may
have some secretory or absorptive function is
considered.
Fto. 7. Cytoplasm of superficial layer cell of twelve week fetus. de, desmosomes along
interface between the cell and cell of stratum intermedium, I; gl, glycogen deposits; my,
surface microvilli; n, nucleus; ye, cytoplasmic vesieles. Lead hydroxide stain. >< 16,400.
Fm. S. Surface region of superficial layer cell (S) from skin of face of fourteen week
fetus. Superficial to the plane of microvilh (my.) is a layer of material showing scattered
islands of diffuse electron dense material (d) and markedly electron dense particles re-
sembling glycogen. It may, or may not he significant that these latter particles are absent
from the zone into which the microvilh project. Lead hydroxide stain. x 35,000.
Fio. 10. Cytoplasm of cells of stratum intermedium at fourteen woeks. Owing to a paucity
of organdies, tho cytoplasm has a charactoristically "empty" appearance when stainad with
PTA. Tone-filaments (t) are present, particularly in the neighborhood of desmosomes
fda). The vosicle (Va) is somewhat similar in appearance to vesicles found in cells of the
superficial layer. Stain PTA. x 23,800.Pro. 11. Portion of cytoplasm of cell of stratum intsrmedium stained with lead hy-
droxide. The cytoplasm is packed with glycogon particles. Considerably less glycogen is
presont in the cytoplasm of cells of thc underlying basal germinative layer (G). >( 38,000.
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